Background: Polycyclic aromatic hydrocarbons (PAHs) are a group of main air pollutants which are produced by motor vehicles and are known as carcinogens. Objectives: This study was conducted to investigate the environmental exposure of children to PAHs using urinary 1-hydroxypyrene (1-OHP) measurement. Patients and Methods: A total of 260 participants enrolled in the study, aged between 6 -12 years. Environmental exposure due to urban traffic and tobacco smoke was investigated. Morning and evening urine samples were collected and 1-OHP concentrations were measured. High-performance liquid chromatography (HPLC) with fluorescence detector, used for sample analysis, and 1-OHP concentrations in urine samples, corrected by urinary creatinine, were determined for PAHs exposure assessment. Information on environmental tobacco smoke (ETS) exposure at home and air pollution of the residential area as a measure of heavy traffic and living close to busy highways were collected using a self-administrated questionnaire. Results: In general, the results showed that males had higher 1-OHP levels than females (P < 0.05). The total morning levels were 0.47 ± 0.12 µmol/mol crea vs. 0.63 ± 0.15 µmol/mol crea for evening. In the presence of ETS, higher 1-OHP concentrations were observed in morning samples. In addition, living in a polluted area is strongly associated with higher levels of 1-OHP. Conclusions: Taking into account that Iran is a developing country with a young population and numerous PAHs sources, environmental exposure to PAHs at these levels can be dangerous for children's health. Furthermore, PAHs can be declared as national concerning environmental pollutants.
Background
Fast industrialization of developing countries has resulted in negative impacts on the environment and health of the population. World Health Organization (WHO) announced that air pollution in the Asia and Pacific region is an important problem (1) . Rate of population growth in Asia is high; therefore, the issue of children's environmental health is certainly a significant one in this part of the world (2) . One of the most important public health concerns is paying attention to the relation between environmental contaminant exposure and illnesses in children, even with a delay (3) (4) (5) . In large cities like Tehran, Iran, there are several air pollutants which affect the health of people, especially in areas with high traffic burden. Carcinogenic agents in air pollution are a significant menace and need serious attention (6) . Polycyclic aromatic hydrocarbons (PAHs) are a group of main air pollutants produced and emitted by motor vehicles to air and are known as carcinogenic agents (7) (8) (9) (10) (11) (12) . PAHs are a group of three-and four-ring chemical compounds, produced as a result of incomplete combustion of fuel (13) . There are industrial and nonindustrial sources of environmental pollutant, with the most common sources being cigarette smoke, coal fired utilities, steel plants, motor vehicle exhaust, wood burning ovens and fire places, and charcoal-grilled and smoked food (14, 15) . Rate of exposure to environmental contaminants such as air pollution, soil, and dust is higher in children than adults. Since children have different and specific behavior patterns including hand to mouth activity, they have more inhalation rate and more time spent close to and on the ground compared with adults (9, 16) . PAHs are a mixture of compounds and pyrene is almost always found in such mixtures. 1-hydroxypyrene (1-OHP) as pyrene metabolite is considered as an appropriate alternative marker of total PAH exposure (17) . Urinary 1-OHP represents the last 24 hours of cumulative PAHs exposure (18) . Several researchers have been used and validated 1-OHP in exposure assessment of industrial workers (19) (20) (21) (22) . Generally, 1-OHP levels are lower by one or two orders of magnitude, depending on smoking habits and background exposures.
In reviewing the data on children's environmental exposure assessment (the case of PAHs), most of the studies found that the main routes of exposure of children are environmental tobacco smoke and heavy traffic.
Objectives
In the present study, the effect of exposure to urban traffic-induced air pollution and environmental tobacco smoke at home was assessed, with regard to PAHs exposure in Iranian children through urinary 1-OHP measurement.
Patients and Methods

Study Population
A total of 260 children, aged 6 -12 years, living in Tehran, enrolled in this study. The children were randomly selected and both genders were involved. Half of them lived in areas with high traffic burden (close to main roads with a mean daily frequency of about 20000 -40000 vehicles) and many industrial sites and thus a high level of air pollution and the other half lived in a cleaner part of the city with low traffic density (below 5000 vehicles/day). The parents were given full information about the aim and objectives of the study. After receiving their written informed consents, they were asked to fill out a structured questionnaire containing some questions on children's health, possible sources of children's exposure to air pollution and PAHs, which also included information on parents' smoking habits (at least 5 -10 cigarettes a day at home) and perception of residential traffic density. The data on age, gender, weight, and second-hand smoke exposure were derived from the questionnaires.
Urinary 1-Hydroxypyrene Measurements
Children's morning urine samples (30 mL) were collected by parents and were kept at room temperature till delivered to the person responsible for collection and delivery of the samples to the laboratory. Again, in the evening, another urine sample was taken from each child and was sent to the laboratory. The questionnaires were also collected. The samples were kept at -20°C until analysis. For the analysis of 1-OHP, the method developed by Jongeneelen (23, 24) was used. In short, urine samples (10 cc) were buffered with sodium acetate buffer (pH = 5) and hydrolyzed enzymatically using β-glucuronidase/arylsulfatase Helix Pomatia (Sigma-Aldrich, Germany) for 16 hours at 37°C in a shaking water bath. After the hydrolysis, the sample was loaded on a C18 cartridge primed with 10 mL methanol followed by 5 mL ultra-pure water, with the aim of a slight vacuum at the flow rate of approximately 10 mL/minute. After loading the samples, the cartridge was washed with 10 mL water and the analyte was eluted with 9 mL of high-performance liquid chromatography (HPLC) grade methanol. A vac-elute vacuum elution system was used for retention and elution processes of silica cartridges. pH measurement was performed with a digital pH meter (Hanna, Singapore). Quantitative liquid transfers were performed with pipette [Socorex, Germany]. The HPLC apparatus consisted of a k-1001 single piston pump (Knauer, Germany); the analytical column was an RP-C18 e 5 × 4.6 mm (Merck-KuaA, Germany); the detector was florescence RF-10AXL (Knauer, Germany) attached to the HPLC. 1-OHP concentrations were corrected using creatinine concentration and expressed in µmol/ mol creatinine.
Statistical Analysis
All the statistical analyses were performed using SPSS software package version 19.0 (SPSS Inc., IBM). To have a good vision of the data collected, descriptive statistics were calculated and mean, standard deviation (SD), min and max for 1-OHP concentrations, both in morning and evening samples, age, and gender of the participants were determined. The data was first tested to be normal using Kolmogorov-Smirnov test. The data showed a good normality, so the tests for parametric distribution were performed. The differences in means of different groups of children were assessed using student's t-test. Multiple regression analysis was also performed to examine the relationships between the variables. Statistical significance of the data was assumed if the P ≤ 0.05.
Results
Morning and evening urine samples were collected from 260 healthy children. The group size of males was equal to females, each consisted of 130 children aged 6 -12 years; 53.12% of children lived in houses with a smoker parent. 1-OHP concentrations for both genders in morning and evening are presented in Table 1 . To adjust individual differences in spot urine samples, the concentrations of 1-OHP are adjusted for creatinine, so the reported concentrations are µmol 1-OHP/mol creatinine. As Table  1 shows, the mean 1-OHP concentrations for males were significantly higher than females (P < 0.01) both for morning and evening. Therefore, there was a significant difference between genders in the amount of urinary excreted 1-OHP. In addition, males had higher concentrations, which is significantly different from females. To examine the effect of exposure to second-hand cigarette smoke, some tests were performed. For all the participants, morning concentrations of 1-OHP in relation to second-hand tobacco smoke were significant (P = 0.02), which means that exposure to tobacco smoke at home leads to higher 1-OHP concentrations in the morning. However, the result of the same test for evening concentrations was not significant. When the test was performed just for females, no significant data was obtained for morning or evening. The test for males with regard to exposure to tobacco smoke was also performed and for morning concentrations of 1-OHP a significant result was obtained (P = 0.04); but for evening, the results were not significant. Another stage of statistical analysis was performed to evaluate the effect of air pollution and heavy traffic (urban environmental exposure) on concentration of 1-OHP. A group of children lived in an area with a polluted air (N = 162) and the other group lived in a cleaner part of the city (N = 98). Statistical analysis using student's t-test showed that in females, there was a significant difference in the amount of 1-OHP in urine of children with regard to the level of air pollution in the area they lived, and of course, 1-OHP was higher in children from the polluted area; for instance, 0.55 ± 0.07 µmol 1-OHP/mol creatinine in the evening for females from the polluted area vs. 0.45 ± 0.12 µmol 1-OHP/mol creatinine in the evening for females from the cleaner area (P < 0.001). Table 2 presents the results of such tests. Both morning and evening concentrations of 1-OHP in both genders had significant differences due to the amount of air pollution in the area of residence. According to the t-test there was a strongly significant difference between the two groups considering the total of the subjects, (P < 0.001). Considering ETS and the area of residence, the results showed that in both genders, there was a significant difference between the group living in a polluted area and the group living in a cleaner part of the city. However, when the test was performed for children without ETS, the differences were significant for both morning and evening concentrations of 1-OHP. Table 3 presents a brief summary of the results. Finally, the test showed that for females, the morning concentration of 1-OHP was significantly different from the evening concentration, with a higher level in the evening (P < 0.001). For males, again, the morning and evening levels of 1-OHP were significantly different (P < 0.001) and the evening level was also higher. 
Discussion
This study was one of the first attempts to investigate children's exposure to PAHs in Iran and detected an association between urinary excretion of 1-OHP and dense traffic-related air pollution and with environmental tobacco smoke at home (smoking at least 5 -10 cigarettes a day at home), suggesting that emissions from motor vehicles in dense traffic patterns can play an important role in children's exposure to PAHs in Iran. Furthermore, exposure to ETS has proved its role in increasing the 1-OHP levels in urine of exposed participants. The highest levels of 1-OHP was found in the urine of boys living in polluted areas of Tehran with a smoking parent who smoked at least 5 -10 cigarettes a day at home ( Table 3) . The difference between children living in different parts of Tehran was of a significant nature (P < 0.05). Urban air pollution, dense traffic burden and presence of a smoker at home are of the main reasons of children's environmental exposure to PAHs. Similarly, other researchers also reported that the highest concentration of 1-OHP was for children living in polluted areas. Therefore, the urban traffic was stated to be of the most importance (25) (26) (27) . Northridge et al. in investigating urban sources and traffic effect on 1-OHP concentration in children of 12 -14 years old living in New York urban areas with dense traffic and exposure to diesel exhaust, stated that these are the most important sources of environmental exposure to PAHs (28) . Several studies have shown that increased PAHs exposure from urban sources (e.g. diesel exhaust) and local industries contribute significantly to 1-OHP levels in people of these areas, especially in children (29) . There are a few studies investigating the gender effect on 1-OHP concentrations. One of these studies performed by Jongeneelen et al. showed that gender is of an important role, because there are some gender-related behaviors which affect the final 1-OHP concentrations (30) . Our study also proved the importance of being a male in case of higher PAHs exposure and higher 1-OHP levels. Other studies did not state any differences in concentrations for both genders (22, 24, 26) . Mostly males were assessed and the assumption was based on no difference between the genders in 1-OHP concentrations. Gender affects PAHs exposure and thus 1-OHP concentrations. 1-OHP is generally higher in males, but a study performed on Ukrainian children found higher concentration of 1-OHP in females (28) . However, when the data was adjusted to creatinine, the significance was no more valid. Several studies have shown that tobacco smoke contains PAHs and relates to more 1-OHP excretions. 1-OHP levels in smokers are higher than non-smokers (31) . Similar to our findings, some studies on children have tried to investigate the role of ETS in 1-OHP concentrations (26, 29, (32) (33) (34) (35) . ETS showed a significant role just when comparing the mean of 1-OHP between exposed and non-exposed groups. Not all the researchers have found such a relationship, maybe because of greater roles of other industrial and environmental sources (35) (36) (37) . In the present study, when comparing males and females with regards to ETS exposure, no significant difference was observed in lack of exposure to ETS. It might be due to several different domestic and environmental sources and environmental backgrounds. In another part of the study, multiple regression analysis showed that children, especially boys, living in urban areas with high levels of air pollution due to dense traffic burden and in the presence of a smoker at home, had higher levels of urinary 1-OHP. Environmental exposure to PAHs has proved adverse effects and the concentrations reported here are capable of introducing danger for children's health. Further research is needed to identify and lessen the main sources of children's exposure to PAHs. Furthermore, there is a need to investigate PAHs exposure from different sources and to use even more specific biomarkers of exposure, to be able to promote national health and welfare.
